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Abstract
Salmonella spp. is one of the major foodborne pathogen in Europe, being pork meat the second main 
vehicle of human infection. In this study it was analysed the occurrence of Salmonella spp. on pigs’ skin and 
in the respective carcasses surfaces (internal and external). For that, matched samples were collected in 120 
animals. In each animal, sponge swabs were performed on the skin and in the corresponding carcass surfaces 
(approximate area 1000 cm2). A total of 360 samples were microbiologically analyzed according to ISO 6579. 
Salmonella isolates (45) were serotype by Kauffmann-White scheme at the National Reference Laboratory 
for Salmonella in Portugal. The main serotype identified was the monophasic variant of S. Typhimurium: 
S. 4,[5],12:i:- (46.7%), followed by S. Rissen (42.2%) and S. Derby (11.1%). The highest value of Salmonella 
occurrence was observed in pigs’ skin (29.2%; 35/120) underlining its importance as a potential source of 
Salmonella contamination to slaughterhouse. Nevertheless, since from these 34 pigs, only 2 presented this 
bacteria in the respective carcass external surface, the achieved results minimizes its importance for the direct 
contamination of the respective carcass. Salmonella sp. occurred more in the internal carcass surface (13.3 %; 
16/120) than in the external (4.1%; 5/120) and, only in two cases, Salmonella sp. was simultaneously found 
in both carcass surfaces, equating different contamination sources. Curiously, S. 4,[5],12:i:-, a preoccupant 
serotype, was only identified in the pigs’ skin (12/34; 35.3%) and in the internal carcass surface (9/16; 56.3%). 
In these pigs, 4 presented simultaneously this serotype in both matched samples. This study suggest that 
more attention should be dedicated the skin as an important source of Salmonella contamination and to the 
internal carcass surface, which analysis is not under mandatory control defined in the Commission Regulation 
2073⁄2005.
Introduction
Salmonella spp. is pointed as one of the most important bacterial zoonotic pathogen frequently reported 
as a cause of foodborne diseases in the world (Vieira Pinto et al., 2005, EFSA, 2014). After poultry meat, 
pork and pork products are described as one of the major sources of human salmonellosis in Europe (EFSA, 
2014). Pork contamination by Salmonella spp. is a complex issue that can be influenced by many factors at 
all stages of the production chain (Arguello et al., 2013) and slaughterhouse can be an important stage for 
its mitigation (Fedorka-Cray et al., 1995; EFSA, 2010). Salmonella spp. can be present at the gastrointestinal 
tract in slaughtered pigs and also in the skin, being potential sources of carcasses’ contamination and other 
edible products, introducing Salmonella spp. in food chain (Vieira Pinto et al., 2005). In pigs, the effect of the 
skin faecal contamination on the microbial profile of the final carcasses is an understudied subject. According 
to Blagojevic et al., (2011), this effect is less direct/clear than in cattle due to the influence of several steps 
of the slaughter process (e.g. scalding, polishing…). Nevertheless some authors have already proven that 
contamination of carcasses with Salmonella sp. can be directly linked to the skin contamination (Rossel et al., 
2009). According to Commission Regulation 2073⁄2005, Salmonella is considered a process hygiene criteria 
(PHC) that must be mandatory analysed on the external side of pigs’ carcasses. Questions remain unclear 
about the importance to alternatively/complementarily control the internal surface that may give valuable 
indicative results to implement corrective actions required to maintain the hygiene of the process. The 
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objectives of this study were: a) analyse Salmonella spp. presence on pigs’ skin and determine its relationship 
with the corresponding final carcasses; b) compare Salmonella spp. contamination of the internal and external 
carcasses surfaces.
Materials and methods
From January 2014 to April 2014, several visits were made to an abattoir in the North of Portugal. For each 
animal samples were collected from the pigs’ skin (after the bleeding) and from the corresponding external 
and internal carcass surfaces (before refrigeration). Surfaces (1000cm2 area) were abrasive sponge-swabbed 
starting from the hindquarter downward to the forequarter. A total of 360 samples were collected from 
120 pigs. Each swab was placed in a separate sterilized recipient properly identified and transported under 
refrigeration conditions to the laboratory within 2 h. At the laboratory, the sponge samples were analysed 
based on ISO 6579:2002 for Salmonella detection. Serotyping of Salmonella sp. isolates was performed 
according to the Kauffmann–White scheme in the Laboratório Nacional de Investigação Veterinária (Lisbon, 
Portugal), the Portuguese Reference Laboratory for Salmonella.
The differences in the proportions of each positive sample were assessed by using the Chi2 test. Odds 
ratios (OR) and their 95% CI was calculated. Variables with a probability [p] value ≤ 0.05 were considered 
significant (IBN SPSS Statistics software version 22).
Results 
From the 120 pigs analysed, Salmonella spp. was isolated from 56 samples (Table 1). Only 45 samples were 
serotyped. 
Discussion
This study showed that the highest value of Salmonella occurrence was observed in pigs’ skin (28.3%; 
34/120). This result is similar to the one presented by Blagojevic et al. (2011) for abattoir A (28%) but inferior 
to the one presented for abattoir B (40%). For both cases, these authors considered these values relatively 
high. In our study, it was noticed a reduction in Salmonella spp. isolation from pigs’ skin to the corresponding 
carcass surfaces and statistical analysis shown that there were no significant differences (p-value >0,05). This 
result indicates that slaughter process does not appear to have been effective in the reduction of Salmonella 
spp. contamination from the skin to the final carcass. This result underlines the importance of skin as an 
important source of Salmonella contamination to the slaughterhouse and consequently to the carcasses. This 
subject was already presented by Gill (2004) that referred the importance of enteric pathogens present in 
faecal matter in animals during time of slaughter on meat contamination. Also, Rossel et al., (2009) referred 
that carcass contamination can be directly linked to the skin contamination of live pigs before stunning. But, 
concerning to direct contamination from skin to final carcass, we only hypothetically observed this situation 
in 2 possible cases (pig 21 and 23). 
Table 1 – Salmonella serotype distribution throughout positive samples.
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Nevertheless the non-identification of all serotypes isolates and the absence of its molecular genetic 
profile do not enable to guarantee the existence of this direct contamination. Also, it was seen in this study 
that external surface carcasses from pigs 37, 44 and 70 presented the same serotype isolated from the skin 
of pigs previously slaughtered, equating potential cross-contamination during that slaughter day. Once again 
that suspicious result must be confirmed by molecular genetic data. More studies should be made in order to 
provide a better understanding regarding this subject.
Interesting in this study was the fact that from the 16 positive internal carcass surfaces, 5 (31.2%) had 
the same serotype identified in the corresponding skin. In four of these cases S. 4,[5],12:i:- was the serotype 
identified. This serotype was only identified in the pigs’ skin (12/34; 35.3%) and in the internal surface 
(9/16; 56.3%) and it was the most prevalent (46%) which is in accordance with data reported by EFSA, 2014. 
The authors would like to underline that this was their first study developed in swine carcases where S. 
Typhiumurium wasn´t identified. Additionally, to these results it was possible to observe that internal surface 
of 6 carcases (105, 108, 111, 116 and 117) presented the same serotype isolated from the skin of pigs previously 
slaughtered in the same day. How can be expectable that Salmonella present in the skin can contaminate 
the internal surface of the carcass? Two answers can be possible to equate. The first one it is related with 
contamination after the splitting step when internal face becomes exposed to the skin contaminants mainly 
indirectly through the equipment, instruments (knife), hands and others. The second explanation could 
be related to the faecal contamination of internal surface during evisceration, since Salmonella present in 
intestine content can be the same as the one present in the skin. It is known that pigs before slaughter can be 
orally infected with Salmonella from faecal material present in the environment and become simultaneously 
dirty with this material contaminating the skin (Rossel et al., 2009; Arguello et al., 2013). Once again more 
studies should be derived to increase knowledge about this subject, especially because in this study it was 
observed a higher Salmonella spp. isolation rate on internal carcass surface (13.3%; 16/120) comparatively to 
the external surface (4.1%; 5/120). Also, Odds ratio calculations shows that internal surface of carcass is 3,6 
times (95% CI; 1.302 to 25.326) more likely to reveal the presence of Salmonella spp. than the external surface 
of carcass. Only in two cases, Salmonella sp. was simultaneously found in both carcass surfaces, equating 
different contamination sources. For all these reasons, should be important to try to better understand the 
complexity of the different sources of contamination that could be enrolled in the contamination of the two 
carcasses surfaces. Also, these results suggest that more attention should be dedicated to internal carcass 
surface, which analysis is not under mandatory control defined in the Commission Regulation 2073⁄2005 (and 
respective ammmends). According to this Regulation, Salmonella spp. in pig carcasses it is a process hygiene 
criterion in order to control contamination during slaughter. This criteria was recently changed by Comission 
Regulation (EU) N.º 217/2014, based on EFSA opinion which identifies Salmonella as a high risk for public 
health related to the consumption of pig meat, and recommending to strengthen the process hygiene criterion 
for Salmonella on pig carcasses: satisfactory criteria is considered if the presence of Salmonella is detected 
in a maximum of 3 in 50 samples that are derived from 10 consecutive sampling sessions. Comparing our 
results to this EU process hygiene criteria we could say that for external surface (5/120) the process hygiene 
was considered satisfactory in opposite to the internal surface (16/120). Although Salmonella in internal 
carcass surface is not considered a process hygiene criterion, this result indicates a contamination value that 
should be complementarily considered by the food business operators in order to maintain the hygiene of the 
process and to protect the health of consumers.
Conclusions
This study underlines the importance of skin as an important source of Salmonella contamination to the 
slaughterhouse and consequently to the carcasses. More studies should be developed in order to understand 
how carcass (internal and external surface) contamination with Salmonella spp. can be directly or indirectly 
linked to the skin contamination of live pigs before stunning.
Also, the results observed in this study support that more attention (level and source of contamination) 
should be dedicated to internal carcass surface that showed an higher rate of Salmonella isolation comparatively 
to the external surface giving valuable indicative results to implement additional corrective actions required 
to maintain the hygiene of the process, as it is stated in Commission Regulation 2073⁄2005. According to this 
regulation, when the results of testing against hygiene criteria (Salmonella) are unsatisfactory, improvements 
in slaughter hygiene and review of process controls must be implemented. In addition, food business operators 
shall take measures to find the cause of the unsatisfactory results in order to prevent the recurrence of the 
unacceptable microbiological contamination. Those measures may include modifications to the HACCP-based 
procedures or other food hygiene control measures in place.
Our results indicate that these improvements should advantageously include corrective actions to increase 
hygiene level at the skin swine level and in the internal surface of the carcass.
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